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SEPARATION OF VX, RVX, AND GB ENANTIOMERS USING  

LIQUID CHROMATOGRAPHY–TIME-OF-FLIGHT MASS SPECTROMETRY 

 

1. INTRODUCTION 

 

 Tetra-coordinate pentavalent phosphorus compounds have four  bonds arranged 

through sp3 hybrid orbitals as occurs in tetrahedral carbon compounds. The first enantiomeric 

phosphorus compound, ethylmethylphenylphosphine oxide, or Et(Me)P(O)Ph, was isolated in 

1911 by J. Meisenheimer and L. Lichtenstadt.1 Many organophosphorus (OP) pesticides have an 

asymmetric phosphorus atom, and several have been separated into individual enantiomers.2 OP 

nerve agents such as O-ethyl S-[2-(diisopropylamino)ethyl] methylphosphonothioate (VX) have 

an asymmetric phosphorus atom, and synthesis of VX yields a racemic mix of two enantiomers, 

P(+) and P(–). Although the enantiomers have identical physical properties, their biological 

activities depend greatly on their chirality. Compared with the P(+) enantiomer, the P(–) 

enantiomer has an order of magnitude higher effect on the rate of inhibition of 

acetylcholinesterase, which lowers the LD50 (the dose that is lethal to 50% of test subjects) in 

mice.3,4 

 

 The literature is limited regarding the use of chromatographic techniques to 

separate the enantiomers of chemical warfare agents.5–7 Although reports exist of VX being 

separated, the enantiomer separation took longer than 65 min with use of liquid chromatography 

(LC) and tandem mass spectrometry, and more than 5 h with use of gas chromatography and 

mass spectrometry (MS). Only one report, by J. Smith, described a baseline-resolved separation 

of the VX enantiomers in less than 10 min.8 This was accomplished using a Chiralcel OD-H 

column (Daicel Corporation; Osaka-Shi, Japan). We now report the development of an analytical 

method for separating the enantiomers of nerve agents VX, S-(2-(diethylamino)ethyl)  

O-isobutyl-methylphosphonothioate (RVX), and isopropyl methylphosphonofluoridate (GB) 

(Figure 1) using a normal-phase chiral LC column and atmospheric pressure chemical ionization 

mass spectrometry (APCI–MS). This separation was then transferred to a preparative-scale 

instrument, and a UV detection source was used to collect the individual P(+) and P(–) 

enantiomers of the desired agents.  

 

 
Figure 1. Chemical structures of three chemical warfare agents. 
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2. EXPERIMENTAL METHODS 

 

2.1 Reagents and Chemicals  

 

 Nerve agents VX, RVX, and GB, all of which were of >95% purity, were 

synthesized by the Agent Chemistry Team from the Research and Technology Directorate of the 

U.S. Army Edgewood Chemical Biological Center (Aberdeen Proving Ground, MD). Samples 

were made at a 100 µg/mL level for analytical separation and a 22 mg/mL level for preparative 

separation. All reagents and solvents were high-performance LC grade. Hexane and isopropyl 

alcohol were purchased from Fisher Scientific (Waltham, MA).  

 

2.2 Instrumentation  

 

 The analytical separations of the enantiomers were characterized using an Agilent 

1200 Infinity series LC system (Agilent Technologies; Santa Clara, CA), and APCI–MS was 

performed on a Lux Cellulose-1 column (250 × 4.6 mm, 5 µm; Phenomenex; Torrance, CA). The 

mobile phase consisted of n-hexane (A) and isopropyl alcohol (B), and sample volume was 

10 µL. Separation was achieved using isocratic conditions of 96/4 (v/v %) A/B for VX and RVX 

and 95/5 (v/v %) A/B for GB, with a flow rate of 0.6 mL/min.  

 

 The enantioselective preparative-scale separation of agents was achieved using an 

Agilent 1100 series preparative-scale LC system equipped with a diode array detector. Injections 

were monitored at 210 nm. Separation was achieved using a Phenomenex Lux Cellulose-1 Axia 

packed column (250 × 30 mm) with an isocratic condition of 96/4 (v/v %) A/B, a flow rate of 

20 mL/min, and a sample volume of 1000 µL. Both VX enantiomers were baseline separated 

within 23 min. The Agilent 1200 Infinity series fraction collector was configured using the peak-

time-based collection protocol, and the separated enantiomers were combined into 500 mL 

round-bottom flasks for solvent removal by rotary evaporation. Individual enantiomers were 

confirmed by polarimetry using a Vee Gee polarimeter (Vee Gee Scientific; Kirkland, WA) and 

a 10 mL optical cell. 

 

 

3. RESULTS AND DISCUSSION 
 

 For the LC–MS analytical analysis, the MS system was operated in total ion 

chromatogram (TIC) mode at m/z 50–500 for VX, RVX, and GB. APCI mode was used for  

LC–time-of-flight MS. A Lux 5u Cellulose-1 column and normal-phase LC were used with a 

mobile phase of 96/4 (v/v %) hexane/isopropyl alcohol at a flow rate of 0.6 mL/min. The 

enantiomers were baseline-resolved within 15 min. The analytical separation method was then 

transferred to the preparative-scale LC for large-scale isolation of the desired enantiomers.  

 

 As shown in Figure 2, the VX enantiomers eluted at 9.5 and 11.3 min when the 

fragmentor voltage was 100 V. As expected, the mass spectrum for the enantiomer at 9.5 min 

was identical to that for the enantiomer at 11.3 min . A UV detector was incorporated in the 

analytical analysis to monitor for the appearance of VX. The observation wavelength was 

210 nm using a bandwidth of 2 nm, and the reference wavelength was 300 nm. The analytical 
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separation method was successfully transferred to the preparative-scale system using a 

Phenomenex Lux Cellulose-1 Axia packed column. The fraction collector was set as time-based, 

and fractions were collected into multiple test tubes from 13 to 17.5 min for the P(+) enantiomer 

and from 18 to 23.5 min for the P(–) enantiomer (Figure 3).  
 

 

 
Figure 2. A representative TIC and mass spectrum for VX enantiomers. 

 

 

 
Figure 3. A representative UV chromatogram of VX enantiomers. 
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 When a fragmentor voltage of 100 V was used, the RVX enantiomers eluted at 

10.9 and 13.2 min (Figure 4). The mass spectra of the enantiomers were again identical. For the 

isolation of individual enantiomers, the preparative-scale separation method was the same as that 

used for VX. A representative UV chromatogram of the RVX enantiomers is shown in Figure 5.  

 

 

 
Figure 4. A representative TIC and mass spectrum for RVX enantiomers. 
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Figure 5. A representative UV chromatogram of RVX enantiomers. 

 

 

 For the enantioselective separation of GB, the enantiomers were baseline-resolved 

within 15 min using a mobile phase of 95/5 (v/v %) hexane/isopropyl alcohol at a flow rate of 

0.6 mL/min. A representative TIC (Figure 6) shows that the GB enantiomers eluted at 12 and 

14 min when a fragmentor voltage of 100 V was used. Examination of the mass spectra revealed 

two peaks, shown at retention times of 6.0 and 9.0 min, that represented impurities in the GB 

sample. We did not further investigate the impurities in the GB sample. The mass spectra for the 

GB enantiomers were identical. The mass spectrum for GB shown in Figure 6 exhibits mass ions 

at m/z 98.46 due to loss of a propane group and at m/z 158.19 due to [M+H2O]+. For isolation of 

the individual enantiomers of GB, the same preparative-scale separation method was used as for 

VX and RVX. 
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Figure 6. A representative TIC and mass spectrum for GB enantiomers. 

 

 

 

4. CONCLUSION 

 

 Analytical- and preparative-scale LC methods for the enantioselective separation 

of VX, RVX, and GB were developed. This report details the separation analysis and results of 

the study. The separation and isolation methods were easy to use and should be readily 

accessible for any laboratory. Because of the differing toxicity and acetylcholinesterase 

inhibition rates between the P(+) and P(–) enantiomers, identification and isolation of each 

enantiomer is very beneficial for in vitro and in vivo toxicological studies.  
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ACRONYMS AND ABBREVIATIONS 

 

 

APCI atmospheric pressure chemical ionization 

Et(Me)P(O)Ph ethylmethylphenylphosphine oxide 

GB isopropyl methylphosphonofluoridate, sarin 

LC liquid chromatography 

MS mass spectrometry 

OP organophosphorus 

RVX S-(2-(diethylamino)ethyl) O-isobutyl-methylphosphonothioate 

TIC total ion chromatogram 

VX O-ethyl S-[2-(diisopropylamino)ethyl] methylphosphonothioate 
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